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Abstract 
Based on systematic analysis of fire risk assessment methods, it was pointed out that fire risk index method may be 
adopted as standardization method to fire risk assessment for life safety in assembly occupancies. Indicators system 
has been established including in 3 first class indicators, 9 secondary indicators and 30 third class indicators. The 
quantitative criteria for each indicator were put forward. Fire risk index method was applied to distinguish relative 
fire risk to life safety among different assembly occupancies and then determine the risk rank which may guide 
underwriting and fire public liability insurance ratemaking. The insurance premium for assembly occupancies with 
risk level ofĉ, Ċ, ċ, Č,č, were respectively up 20%, up 10%, unchanged, down 10%, down 20% relative to 
basic premium. Fire public liability insurance premium were associated with fire safety conditions of insurance sites, 
as will fully play the leverage of premium and mobilize insurant’s initiative to reduce fire risk, aim to achieve the 
positive interaction between fire protection and insurance. 
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1. Introduction 
Fire in assembly occupancies is likely to cause significant casualties, and huge enormous losses, example 
expenses of rescue and medicare, compensation for disability and death, and other damages. This huge 
compensation often beyond operators or managers’ ability to pay, resulting in the injured can not receive timely 
medical treatment; the deceased's family can not get full compensation, thereby social stability was affected. 
Therefore, the underwriting emphasis of fire public liability insurance should be put on assembly occupancies, then 
compensation liability of fire and explosion will be transfer to insurance companies by marketable means[1]. 
However, as a number of insurance companies are lack of experience on fire public liability insurance at present, 
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they use a broad-brush approach to make insurance premium, but ignore the status of fire safety, which may affect 
reasonableness of premium. Therefore, it is necessary to study fire risk assessment standardized methods for 
assembly occupancies and relationship between premium and risk. 
2. Standardization method selections of fire risk assessments for public liability insurance 
A number of scholars at home and abroad have studied in-depth on fire risk assessment and brought out many 
methods. Based on quantitative degree, these fire risk assessment methods were divided into qualitative, quantitative 
and semi-quantitative methods. However, different fire risk assessment methods are usually limitative in application, 
for example, narrative method as qualitative fire risk assessment method evaluate fire risk with narrative suggestion, 
only to be able to give general description to identify the most dangerous events, not quantify fire risk. Because of 
easy to operate, the narrative method was adopted by most of domestic assurance companies [2]. The semi-
quantitative fire risk assessment method, such as fire risk index, Gustave method, risk matrix method, because semi-
quantitative analysis can achieve a simple, relatively quantitative fire risk even in case of incomplete fire data. At 
present, semi-quantitative assessment methods are carried on by a majority of foreign insurance companies as the 
essential method, because of extensive application range, abundant research achievement, and relative simple 
procedure. Quantitative fire risk assessment methods are able to absolutely quantify fire risk with a large amount of 
data as support, and the calculation is complicated, which required users to master probability theory and operations 
research and other more specialized mathematical knowledge [3]. 
Therefore, It is appropriate and feasible that semi-quantitative fire risk assessment method is selected as 
standardization method for fire public liability insurance. Fire risk index is one of representative semi-quantitative 
methods of fire risk assessment, which synthetically consider objective factors, historical experience and expert 
advice to assess fire risk. In general, Fire risk index is that based on expert judgments and experience data of fire, 
both positive and negative fire factors variables are assigned, and according to correlation function, then the 
calculation results compared with fire risk standard value, at last relative quantitative fire risk value or fire risk rank 
can be obtained [4]. 
3. Fire risk assessment for life safety in assembly occupancies and underwriting auditing 
3.1. Standardization methods of fire risk assessments for life safety in assembly occupancies 
 3.1.1 Fire risk assessment system 
Establishment of evaluation index system is basis of fire risk index method. Whether index system is scientific, 
reasonable will directly affects reliability of fire risk assessment result. The risk of person suffered from fire in 
assembly occupancies is affected by inherent fire hazard factors, fire control factors and evacuation factors; each 
factor also contains a number of key indicators, as shown in Figure 1. 
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Figure 1  Basic Element of Fire Risk Assessment for Life Safety in Assembly Occupancies 
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3.1.2 Fire risk assessments indicators and grading  
The third class indicators of fire risk assessment for life safety in assembly occupancies can be obtained by 
detailed description on basic element. Each indicator is described and classified, while identified corresponding 
scores, as shown in Table 1. In accordance with international practice, 5-point scale is adopted, the smaller score 
corresponds to worse safety, while greater risk, 1 to worst 2 to worse, 3 to good, 4 to better, 5 to best [5]. 
3.1.3 Indicators weights determination 
Indicators weights was assigned mainly through the following three types, objective weighting methods, 
subjective weighting methods, combination of subjective and objective weighting methods. Objective weighting 
methods depend on original database from actual statistical data of each indicators to derived weights, such as 
variation coefficient method; subjective weighting methods rely on experience of experts to drawn from indicators 
weight, such as analytic hierarchy process (AHP), Delphi Method (Delphi) [6]; subjective weighting methods 
combine objective and subjective weighting methods. As underwriting belong detailed and true information on 
history compensation, subjective weighting methods may be adopted. 
Table 1  Fire Risk Evaluation Indicators and Grading for Person in Assembly Occupancies 
Primary 
Indicators 
Secondary 
Indicators 
Tertiary 
Indicators 
Grading Score 
Under forth level 1 
Forth level 2 
Third level 3 
Second level 4 
Fire Resistance 
Rating 
First level 5 
Underground second floor or H˚100m 1 
Underground first floor or 50m˘H100m 2 
24m˘H50m 3 
Multilayer and H24m 4 
Building 
Structure 
Building Height 
˄H˅ 
Monolayer 5 
S10000m2 1 
m25000S <10000 m2 2 
m22000S <5000 m2 3 
m2500S <2000 m2 4 
Location 
Area 
˄S˅ 
S <500 m2 5 
Ceiling with combustible materials, wall or floor with 
flammable materials 
1  
Ceiling with nonflammable materials, wall or floor 
with combustible materials 
2  
Ceiling, wall and floor with nonflammable materials 3  
Ceiling with noncombustible materials, wall or floor 
with nonflammable materials 
4  
Fire Load 
Interior 
Decoration 
Ceiling, wall and floor with noncombustible materials  5  
Electric design and installation is unqualified; or r>1.2; 
or electrical safety test is failed  
1  
Electric design and installation is qualified; 1.0<r1.2; 
and electrical safety test is qualified 
2  
Electric design and installation is qualified ; 0.8<r1.0; 
and electrical safety test is qualified 
3  
Electric design and installation is qualified; 0.5<r0.8; 
and electrical safety test is qualified 
4  
Inherent 
Fire Hazard 
Factors 
Ignition 
Sources Electrical 
Equipment (r is 
ratio of the 
maximum use 
of electrical 
load and design 
load) 
Electric design and installation is qualified; 0<r0.5; 5  
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and electrical safety test is qualified 
Gas tank, no combustible gas alarm 1  
Gas tank, and with combustible gas alarm 2  
Gas pipelineˈno combustible gas alarm 3  
Gas pipelineˈand with combustible gas alarm 4  
Type of 
Combustible 
Gas Supply 
no combustible gas supply 5  
Adjacent to explosive and hazardous building and in 
that downwind 
1  
Adjacent to explosive and hazardous building and in 
that upwind 
3  External Fire 
Adjacent to non-explosive building 5  
Each side falls short of requirements of codes 1 
Any three sides fall short of requirements of codes 2 
Any two sides fall short of requirements of codes 3 
Any one sides falls short of requirements of codes 4 
Fire Control 
Factors 
Fire Protection 
Measures 
Fire Space 
Every sides all meet requirements of codes 5 
Primary 
Indicators 
Secondary 
Indicators 
Tertiary 
Indicators 
Grading Score 
No fire compartment  1 
Basically meet requirements of codes 3 
Fire Protection 
Measures 
Fire 
Compartment 
Fully meet requirements of codes 5 
No installation or performance test is failed 1 
Performance test is qualified, but no fire control room 3 
Fire Alarm and 
Fire Control 
Linkage System Performance test is qualified, fire control room is setˈ
and on line to remote monitoring system of urban 
5 
No installation or performance test is failed 1 
Performance test is qualified 3 
Automatic Fire 
Extinguishing 
System 
Performance test is qualifiedˈand other intellectual 
extinguishing equipment as supplement 
5 
No installation or hydraulic pressure is not qualified 1 
Design and installation basically meet requirements of 
codes, hydraulic pressure is qualified 
3 
Indoor Fire 
Hydrant System 
Design and installation basically meet requirements of 
codes, and system performance test is qualified 
5 
No natural (Ventilation) smoke and machine 
(Ventilation) smoke control system 
1  
Natural (ventilated) smoke control 3  
(Ventilation) 
Smoke Control 
System 
Machine (Ventilation) smoke control system 5  
No collocation or not working 1  
Number reached 80% of criterion, performance 
basically meet requirements of codes 
3 
Fire Facilities
Other Fire 
Facilities
˄Portable Fire 
Extinguishers˅ 
Number reached 100% of criterion, performance is 
qualified 
5 
No fire safety inspection institution 1 
Fire safety inspection institution is formulated 3 
Fire Safety 
Inspection 
Fire safety inspection institution is formulated and 
executed with comprehensive inspection records 
5 
No fire liability system 1 
Fire Control 
Factors 
Fire 
Management
 
Fire Liability 
System Fire liability system is established  3 
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Fire liability system is established and executed 5 
No fire safety training 1 
Only fire control room staff was trained and take 
certificates 
3 
Fire Safety 
Training 
Regular fire safety training to all staff 5 
No emergency plan and drills 1 
Emergency plan is formulated, but not drilled 3 
Emergency 
Plan and Drills 
Emergency plan is formulated and drilled 5 
Number and width of exits are unqualified 1 
Width of security exit is qualified, but number is  
insufficient 
2 
Number of security exit is qualified, but width is  
insufficient  
3 
Number and width of exits are qualified, but some exits 
are locked  
4 
Security Exit 
Number and width of exits are qualified, unobstructed 5 
No emergency radio guidance systems 1 
Set emergency radio broadcasting, but lack of Volume 3 
Evacuation 
Factors 
Evacuation 
Facilities 
Emergency 
Radio Guidance 
Systems Set emergency radio broadcasting with good 
performance 
5 
Primary 
Indicators 
Secondary 
Indicators 
Tertiary 
Indicators 
Grading Score 
No evacuation signs and emergency lighting, and 
evacuation routes are obstructed 
1 
Emergency evacuation signs and emergency lighting 
are qualified but evacuation routes are obstructed 
2 
Evacuation routes are unobstructed, emergency 
evacuation signs are qualified but emergency lighting 
is insufficient 
3 
Evacuation routes are unobstructed, emergency lighting 
are qualified, but emergency evacuation signs are 
unqualified 
4 
Evacuation 
routes 
Emergency evacuation signs and emergency lighting 
are qualified, and evacuation routes are unobstructed 
5 
Refuge area should be set, but no  1 
Set refuge area, but lack of necessary facilities 3 
Refuge Area 
No refuge area 5 
No escape equipment 1 
Equipped with escape device, but the number is 
insufficient  
3 
Evacuation 
Facilities 
Escape 
Equipment 
Equipped with escape perfect device 5 
ȡ2  1 
1ȡ<2 2 
0.5ȡ<1 3 
0.2ȡ<0.5 4 
Crowd Density
ȡ˄person̬
P˅ 
ȡ<0.2 5 
Not familiar(Floating population)  1 
Familiar(Fixed population) 3 
Degree of 
Familiarity with 
Building
Very familiar(Permanent staff 5 
Hospital Outpatient Building, Ward Building, bead 
house, nurseries, kindergarten, teaching building, 
library and dormitory of primary schools 
1 
Evacuation 
Factors 
Personal 
Characteristics
Walking ability
Hotels, restaurants, emporium, markets, supermarkets 2 
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and other stores 
Passenger stations, wharves, civil airport waiting, ship 
waiting, personnel-intensive production and processing 
workshop, dormitory
3 
Public galleries, museums, exhibition halls, financial 
and securities market place, public places of 
entertainment, teaching building, library and student 
dormitories of secondary school, public libraries, 
reading rooms
4 
Sports venues, public libraries, reading rooms teaching 
schools, libraries and dormitories in university
5 
11kmϞ 1 
6-10km 3 
Distance From 
fire Brigade 
1-6km  5 
No life-saving apparatus 1 
Equipped with life-saving apparatus, rescue tools can 
be used to open up new escape routes 
3 
Fire Rescue 
 
Fire Fighting 
Capacity 
Equipped With ladder, hydraulic platform fire truck, 
fire helicopter, and other special life-saving equipment 
5 
3.1.4 Fire risk rank  
Based on the elements of fire risk assessment for life safety in assembly occupancies, safety checklist should be 
pre-established. Professionals survey on the places where will be insured, meanwhile faithfully record the situation 
and identify fire risk. Given in Table 1, scores of assessment indicators are determined, and the risk scores of 
personnel can be calculated in accordance with the formula (1). The correspondence of risk score and risk rank is 
shown in Table 2. Note that if there is the major fire hazards involved in "significant fire hazard determination 
methods" in insured assembly occupancies, the risk level can be directly assessed as grade ĉ. 
                             ………………………………………………………………(1 )   
ci
n
i
ci WPR ×= ¦
= 1
Where:  
R - Fire risk score;  
n- The number of fire risk assessment index;  
Wci - Weight of fire risk evaluation indicator i , the range is (0,1);  
Pci - Score of fire risk assessment indicator i, the value is an integer between 1 to 5. 
Table 2  Risk score and fire risk rank to life safety in assembly occupancies  
Risk score˄R˅ 1R1.5 1.5<R2.5 2.5<R3.5 3.5<R4.5 4.5<R5 
Risk rank Classĉ ClassĊ Classċ ClassČ Classč 
Riskstatus  worst worse good better best 
3.2. Underwriting Auditing of fire public liability insurance for assembly occupancies  
At first, the base premium baseline should be determined on the basis of baseline rate made by China Insurance 
Regulatory Commission, liability limits of per person and cumulative liability limit, and then risk status, history loss 
ratio, preferential conditions are taken into account, at last final premiums may be determined [7]. This study is only 
on the impact of fire risk to premium of fire public liability insurance. The correspondence among fire risk rank, 
underwriting recommendations and floating premium are shown in Table 3 [8-9]. 
Table 3  Correspondence among fire risk rank, underwriting recommendations and floating premium 
Fire risk rank Underwriting recommendations Floating premium 
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Classĉ Prudent underwriting Up 20% 
Clas sĊ Conditional underwriting Up 10% 
Classċ Allowed underwriting NO floating 
ClassČ Positive underwriting Down 10% 
Classč Positive underwriting Down 20% 
4. Conclusion 
On the basis of application of scientific risk assessment techniques, analysis on fire risk factors of life safety, 
underwriting auditing will be able to truly describe risk level of the insured, and provide basis for premium 
determination, which embody underwriting principle of equitableness and reasonableness, moreover, which will 
also stimulate insurant to attach importance to fire safety, achieve the basic functions of insurance to prevent disaster 
impairment. Fire risk assessment standardization method for fire public liability insurance in Assembly Occupancies 
based on fire risk index method is featured with easiness and operability which is convenient for insurance agent to 
develop business. In short, the research make up some shortcomings of premiums auditing for fire public liability 
insurance, such as broad-brush, simplicity, lack of scientific, that is a try on business operation of insurance 
companies. Application of research is of great significance to increase insurance benefits and mobilize insurant 
initiative, as well as improve interaction mechanisms between fire protection and underwriting. 
Acknowledgements 
This work was supported by National Standard Project Guidance on Fire Risk Assessment for Property insurance 
(20074808-T-312 ) (TS10113). 
References 
[1] Scott E H, Gregory R N. Risk Management and Insurance [M].Chen Bing-zheng, et translated. Beijing: Qinghua University Press, 2001. 
(in Chinese) 
[2] Sun Jin-hua, Chu Guan-yong, Liu Xiao-yong. Fire risk and insurance [M], Beijing: Science Press, 2008. (in Chinese) 
[3] Fan Wei-cheng, Sun Jin-hua, Lu Shou-Xiang. Fire Risk Assessment Methodology [M], Beijing: Science Press, 2004. (in Chinese) 
[4] R Dobbernack BMB. Fire Risk Assessment Method [M]. October 2003. 
[5] Tian Yu-min, Cai Jing-jin. Discussion on Fire Risk Evaluation and Insurance Rate-making for Building[J]. Journal of Catastrophology, 
2008, 23(4): 76-81. (in Chinese) 
[6] W. K. Chow , L. T. Wong and Eric C. Y. Kwan.A proposed fire safety ranking systemfor old highrise buildinin the Hong Kong Special 
Administrative Region[J ]. Fire and Mater, 1999 , 23:27̚31. 
[7] Taiwan Association Property Insurance. Taiwan Fire Insurance Rate Regulations [M], Taipei: 2002. 
[8] Zuo Zhe, Tian Hong, Gao Yong-ting. Discussion of Correlativity between Fire Hazard Assessment and Insurance Premium Rate of the 
Business Building[J]. Journal of Shenyang Institute of Aeronautical Engineering, 2004, 21(3): 62-65. (in Chinese) 
[9] Du Hong-bing. Synthetic evaluation of fire safety of high-rise building and its application to fluctuation of fire insurance premium rate[J]. 
Fire Safety Science, 2007, (16)4: 197-200. (in Chinese) 
